Surgical site infections pose a significant problem in the treatment of neurosurgical procedures, regardless of the application of perioperative prophylaxis with systemic antibiotics. The infection rate in these procedures ranges from less than 1% to above 15%. Different antibiotics and administration regimes have been used in the perioperative prophylaxis so far, and there are numerous comparative studies regarding their efficiency, however, it is generally indicated that the choice thereof should be based on information and local specifics connected to the most probable bacterial causers, which would possibly contaminate the surgical site and cause infection, and moreover, the mandatory compliance with the principles of providing adequate concentration of the drug at the time of the anticipated contamination.
introdUction
Surgical site infections (SSI) are most common infections associated with the healthcare of surgically treated patients [1] . The incidence of SSI varies between 1% and 17%, depending on the definition of infection, the duration of postoperative monitoring, the institution and the type of performed surgical procedure [2,3,4,5,6]. In addition to the notable advancement and improvements of the surgical practice and the infections control techniques, SSI continue to be burden for the patients and healthcare services in context of morbidity, mortality and expenses, and are still the main threat to the wellbeing of postsurgical patients [2] . Having in consideration that the complete eradication of SSI is not practically possible, most of them are potentially preventable with the help of efficient strategic prevention approaches [7] . With careful monitoring, a significant reduction of SSI incidence is possible [8] , whereas in hospitals with strict surveillance and infection control programs, within 4-6 years, the reduction is 19-41% [9, 2, 10] . The SSI incidence has been determined by numerous exogenous and endogenous factors and it depends on the characteristics of the patient, the surgical intervention/procedure, the staff and hospital [11] . Thus, one of the key components of any SSI prevention strategy is the multidisciplinary approach and inclusion of all relevant persons as a team in the improvement process. As a result of the implementation of a comprehensive prevention program, one study registered a clear trend of the SSI rate, from 6.21% in 2008 to 2.28% in 2013 [2] .
The SSI incidence in patients after neurosurgical intervention ranges between 1.25% and 17% in conditions of prophylactic administration of antibiotics, and 0.3% to 3.0% in absence of antibiotic prophylaxis [2, 12, 4, 13, 14] . The suggested allowed rank of annual SSI incidence is the marginal value of less than 5% [15] .
SSI are associated with increased morbidity, mortality, and increased hospitalization costs, prolonged hospitalization on an average of 4 to 7 days and twice the risk of fatal outcome, twice increased probability for ICU treatment, and five times greater chance of post-discharge hospitalization [16, 17, 18] . Furthermore, due to the prolongation of the illness and the hospitalization, SSI patients suffer emotionally and physically, which results in prolonged absence from their usual activities, social life and family disruptions due to the deterioration in their status and the insecurity related to their health related problems [16] .
in both comparative groups, while the secondary outcome was the postoperative infection rate after cranial and spinal neurosurgical procedures at the Neurosurgical clinic in Skopje (having in consideration that so far no data have been published in this context), as well as the prevalence of the risk factors for occurrence of postoperative infections, pre-surgically in patients undergoing neurosurgical interventions locally in the Republic of Macedonia.
results
A total of three cases of postoperative infections were registered, two of which classified as superficial incisional, while one case organ/space infection -meningitis (elective intervention) without etiological confirmation. Both comparative groups were statistically similar, without any statistically significant differences in the basic demographic and perioperative characteristics, especially in relation to the incidence of the factors, which, regardless of the antibiotic prophylaxis, show predisposition to postoperative infections. All three cases with infections were registered in the group of persons who received prophylaxis with ceftriaxone preoperatively, with isolated etiological S. aureus agent (elective intervention) in one of them, and methicillin resistant staphylococcus aureus (MRSA) in another (urgent intervention) with superficial incisional SSI. There was no case of SSI in the group of patients who received cefuroxime before surgery.
conclusion Administration of parenteral antibiotics before surgery reduces the incidence of postoperative infections after neurosurgical procedures, especially in cases with increased risk factors for SSI, such as ACA score of > 2/3, the duration of the surgical intervention > 4 hours, contaminated wound and comorbidities. Perioperative antibiotic prophylaxis should be directed to better coverage of the S.aureus arrays.
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In neurosurgery, SSI's are important due to their clinical significance, association with negative prognosis, high mortality and great number of sequels in surviving persons. These infections may be superficial infections of the wound, shunt infections or ventricular shunts, intra-parenchymal abscesses and meningitis [19] . In neurosurgery, most of the procedures are considered "frequent" compared to manipulations in sterile tissues [16] .
Surgical site infections (SSI) are considered important complications of surgical interventions and are associated with significant morbidity and mortality. They entail serious consequences for the patients and high financial costs [20] . SSI result in pain, discomfort, prolonged hospitalization and permanent disability, which are all underlying reasons for increased costs [21] . According to different studies, SSI result in increased hospitalization of patients, around 10 days and additional costs of approximately USD 2.000 [22] , whereas, each SSI results in additional postoperative hospital stay of 7.3 days and extraordinary costs of USD 3.152 [12] , while, compared to the SSI which are limited only to the site of incision, deep SSI which involve organs or space are associated with even longer hospitalizations and greater costs [23, 12] .
Global achievements in enhancement of air-conditioning of ORs, sterilization methods, barriers, surgical techniques, as well as the application of antimicrobial prophylaxis have provided for improved infection control, however, it is suggested that complete eradication of postoperative infections in patients is not possible. This conclusion is partially due to the incidence and increase of microorganisms resistant to the usually applied antimicrobial agents, and also to the increased number of elderly who, in addition to their age, bear other risk factors of chronic and immunocompromising illnesses and primary disability [21, 12] .
Even though SSI's are rare in neurosurgical patients, they result in serious consequences, especially in craniotomies. Knowledge of the risks of infection and identification of patients with high risk provide for the opportunity for implementation and instructed delivery/undertaking specific preventive institutional measures for certain patients. SSI rate indicators are one of the ways to evaluate the quality and effectiveness of hospital care and treatment. The treatment of patients may be improved by knowing the risks and preventive methods.
The key objective of the study was the attempt to evaluate the protective effect of perioperative antimicrobial prophylaxis in context of SSI prevention using two different regimes: With cefuroxime and ceftriaxone, which according to the literature [24, 25, 26, 27, 28, 29, 30] and the experience with their use at the Neurosurgical clinic in Skopje, considering that so far there are no published data in this regard in RM, to provide for initial insight in the incidence of SSI after neurosurgical procedures, and identify patients with increased risk of SSI after performed neurosurgical interventions in the Republic of Macedonia.
MateriaL and MetHod
The protocol of conducting the study is not different compared to the standardized which has been so far routinely used in patients undergoing neurosurgical intervention in our institution, with mandatory perioperative antibiotic prophylaxis, however, in the interest of this study, randomized (according to the order of coming of the patients, alternately, by administration of cefuroxime or ceftriaxone, within 60 minutes before initial incision. All patients underwent standardized set of procedures as usual, when admitted, during and after the neurosurgical intervention, during their hospital stay, when discharged and during follow-ups.
Both antibiotics (cefuroxime and ceftriaxone) administered parenterally (intravenous) in determined dosage and at the given time intervals before starting the surgery, calculated according to the time of first incision, provide a specter of effect which covers the most frequent etiological agents of postsurgical infections arising from colonization of skin and external barriers of the patient, and in the surgical site and the place of performing the surgical intervention reach concentrations sufficiently high and above MIC during the whole duration of the intervention, which is basic/key precondition for efficient perioperative antibiotic prophylaxis.
The study involves all patients undergoing cranial and spinal neurosurgical procedures, without age limitation, with BMI (calculated according to the anamnestic data about height and weight) in normal range of 18.5 to 25 (WHO), hospitalized two or less than two days before surgery (inclusion criteria), while the exclusion criteria for participation in the study were psychosomatic developmental disability, allergy to penicillin, BMI outside the above mentioned range, long-term therapy with corticosteroids, cytostatics and antibiotics, as well as previous in-patient treatment of one months as a result of another illness.
Aleksandra Dimovska-Gavrilovska
The study was designed as prospective randomized controlled study, implemented at the University Clinic for Neurosurgery in Skopje, during 2016, and involved 40 patients according to the order of their admission at the Clinic, which were non-selectively, alternately, randomized in two groups. In one group, by random selection according to the time of admission of the patient before surgery (within 60 minutes before incision) intravenously was administered a vile of Cefuroxime 1.5g (intraoperatively, the dosage was repeated in case of prolonged surgery, lasting longer that two half-lives of the antibiotic, i.e. every 3 hours per 750mg, or in cases of severe hemorrhage, more than 1.5l) and the other group, in the same time interval and under the same principles (inside 60 minutes before incision) instead of cefuroxime, were treated with intravenous vile of Ceftriaxone 2.0g. The persons allergic to penicillin were preoperatively treated with vancomycin, and they were not included in the study. After the surgery, the patients were carefully monitored and analyzed for signs of infections in the following 30 days and 6 weeks, and afterwards, three months for sign of colonization.
All initial preoperative procedures were performed according to the established routine practice (clinical examination, complete laboratory-biochemical analyses) RTG, CT, MRI, and all other necessary specific diagnostic procedures for the individual patient. All symptoms and signs (local and systemic) were postoperatively carefully monitored for infection, both during the period of hospitalization and the follow-ups after discharging the patient, after one and three months. Both the incidence of local symptoms and signs (redness, swelling, discharge, pus, non-healing up and pain) and systemic ones (high temperature, deterioration of general health, headaches, vomiting, disorders of consciousness, neurological deficits).
In case of symptoms and signs of infection, we immediately conducted the following targeted examinations: wound smear, blood culture and other microbiological investigations, full bloodwork with peripheral smear and sedimentation, CRP, other laboratory and biochemical and hepatic examination, urine, urea, glycaemia, CT, MRI, as well as all other necessary specific analyses, depending on localization, the type of infection and its extensiveness.
During 2016, 40 patients who underwent neurosurgical intervention at the Neurosurgical clinic in Skopje were analyzed. Neurosurgical cranial procedures covered by the study were craniectomy, craniotomy, cranioplastic surgery and burr hole, and spinal procedures such as laminectomy, discectomy, foraminotomy, cist resection, and reparation of myelomeningocele. Patients who underwent one of the above mentioned neurosurgical procedures, based on inclusion criteria, were selected and monitored postoperatively for signs of SSI. The study involved patients at the age from 0-99 who underwent selective or urgent intervention, who survived at least 7 days after the surgical intervention. Patients with implanted primary liquor shunt, endoscopic surgical intervention, such as ventriculostomy in the third ventricle, patients highly suspected for infection of the central nervous system before the procedure, including subdural empyema, cerebral abscess, or infectious disease, such as tuberculosis, toxoplasmosis or cryptococcosis infection, patients with contaminated wound, and those who died during 48 hours after surgery were not included in the study (exclusion criteria). The monitoring period of the patients was at least 30 days postoperatively or until the fatal outcome in persons who survived less than 30 days, if the patient had been still hospitalized. Discharged patients were again examined at the Neurosurgical clinic 30 days post-surgery, in order to determine any sign of postoperative SSI. Data were prospectively collected for the patients' age, sex, data of hospitalization, ACA classification of preoperative physical status, antibiotic prophylaxis, and as regards the surgical procedure, data about the date of surgery, reason for the surgical intervention (tumor, vascular or functional trauma), wound classification (clean, clean-contaminated, contaminated and contaminated-infected), duration/length of surgery, type of intervention, implant, type of drainage and number of performed procedure. The classification of surgical wounds was adjusted to the specifics of neurosurgery, according to which, contaminated-infected wounds include brain abscess, subdural empyema and osteitis in the cases with already present sepsis; contaminated included patients with traumatic injury with open cranial fractures or lacerations of the scalp older than 4 hours; clean-contaminated procedures involved interventions with tightening/entering paranasal sinuses or mastoids, repair of cranium based fractures, or in cases of protrusion/interruption of aseptic surgical techniques; clean surgical interventions include most of the planned procedure. The duration of the prophylactic antibiotic treatment was noted. Early subsequent operative interventions and wound infections (type, date and etiological agent) were noted in the postoperative period. Early subsequent operative interventions included urgent operative interventions/procedures, usually performed in the first 24 to 48 hours after the primary surgical procedure due to postoperative hematoma. SSI were classified according to the instructions/guidelines of the contagious disease control center (CDC) and diagnoses are established by the surgeon. SSI classification covers the following: Scalp infection (purulent discharge from the site of the incision, isolated bacterium from a serous drainage, or clinical diagnosis by the neurosurgeon) bone (bone flap) osteitis (either surgical diagnosis of osteitis or increased temperature with local signs and discharge, and positive blood culture or indicated RTG); meningitis-ventriculitis (either coloration per gram and/or microorganism determined through myeloculture, or liquor pleocytosis with increased cerebrospinal fluid and/or reduced CSF glucose, associated with increased temperature and cervical rigidity, and antibiotic therapy prescribed by the clinician); cerebral abscess and empyema (either isolated microorganism from the brain tissue or subdural space, or surgical diagnosis for brain abscess, or temperature, deteriorated mental status and/or focal neurological deficit and indicated CT, with antibiotic treatment by a clinician). According to the CDC criteria, scalp wound infections are defined as superficial incision infections, while osteitis and meningitis and abscess/empyema as organ/space infections.
reSULtS
The research involved 40 respondents, half of which treated with antibiotic parenteral perioperative prophylaxis with cefuroxime (C2) and half with ceftriaxone (C3).
The average age of the respondents was 51.12±19.9 years, the youngest, 3 years of age, and the oldest at the age of 81 (Table 1) . The respondents who underwent treatment with perioperative prophylaxis with cefuroxime and ceftriaxone were not of significant age difference (p=0.45). Patients treated pre-surgery with cefuroxime were significantly older (53.55±14.1 compared to 48.7±24.6).
The distribution of patients in both groups according to age is presented in Table 2 , and it shows that patients from the group treated with cefuroxime were mostly at the age from 50 to 65 (11/20) , while patients from the group treated with ceftriaxone were mostly at the age of 66 years and older (6/20). However, these patients, compared to the patients who were treated with cefuroxime more often belonged to younger age groups, i.e. 5 patients at the age of 25 years, compared to only one patient from the group treated with cefuroxime (Fisher exact p=0.26).
The gender structure of the patients was represented by 25 (62.5%) male patients and 15 (37.5%) female patients (Table 3 ). The distribution of male and female respondents regarding the type of administered antibiotic perioperative prophylaxis was statistically insignificant (p=0.3). Male patients were more often treated with ceftriaxone (70% as opposed to 30%), while female patients more often with cefuroxime (45% as opposed to 30%). The statistical analyses (Table 4) showed insignificant association of the type of perioperative antibiotic prophylaxis and the type of procedure (р=0.056), reason for intervention (p=0.3), ACA classification (p=0.27), the duration of the intervention more or less than 4 hours (p=0.17), the type of wound (p=1.0) and the type of drainage (p=0.11), and significant association with the type of intervention (p=0.028). Perioperative prophylaxis with cefuroxime was significantly more fre- quently ordinated before elective interventions (90% compared to 60%), i.e. ceftriaxone more frequent with urgent interventions (40% compared to 10%).
Our research results showed that the type of perioperative antibiotic prophylaxis did not significantly affect the length of surgery expressed in hours (p=0.06). Patients treated with cefuroxime presented with insignificantly longer duration of surgery compared with patients treated with ceftriaxone. The average duration of the intervention in the group of patients treated with cefuroxime was 3.65±1.8 hours, compared to 2.85±1.5 hours, which was the average duration of the intervention in the group of patients treated with ceftriaxone (Table 5 and Table 6 ).
Hospital stay which was an average of 12.4±8.9 (from 2 to 45 days) for all 40 patients (Table 5 ) post-surgery, was insignificantly different (Table 7) among patients who were treated with cefuroxime and ceftriaxone (p=0.3). Postoperative hospitalization was an average of 11.5±9.9 and 13.25±8.2 in the groups treated with cefuroxime and ceftriaxone, respectively.
Postoperative infection was registered in 3 patients (Table 4 ) who underwent cranial neurosurgical procedure, and treated with antibiotic prophylaxis with ceftriaxone before surgery. Two SSI were classified as superficial incisional with isolated C aureus in one, and methicillin resistant staphylococcus aureus in another case, while one infection was classified as deep SSI -meningitis, without established etiology. SSI's were not noticed in patients who were treated with antibiotic prophylaxis with cefuroxime before surgery.
The following were the cases with postoperative SSI: One three year old male child (who underwent elective surgical intervention, with clean wound, functional, ACA2, duration of surgery of 2 hours and postoperative hospital stay of 9 days) with isolated C aureus; one 62 year old male patient (who underwent urgent surgical intervention as a result of trauma, with ACA3, contaminated wound, duration of surgery of 2 hours, with comorbidity -cirrhosis, cardiovascular/CMP, hematological and neurological, with 28 days postoperative stay and fatal outcome) with isolated methicillin resistant staphylococcus aureus; and 64 year old female patient (who underwent elective surgical intervention as a result of tumor, with clean-contaminated wound -entry at frontal/ethmoidal sinus, with ACA3, duration of surgery of 6 hours, postoperative stay of 21 days, previously treated with corticosteroids and comorbidity -hematological/lymphoma, cardiovascular and neurologically) with meningitis, without isolated etiological liquor agent.
diScUSSion and concLUSionS
The incidence of SSI in patients after neurosurgical intervention is between 1.25% and 17% in condition of prophylactic administration of antibiotics, and 0.3% to 3.0% without antibiotic prophylaxis [2, 12, 4, 13, 14, 31, 32] .
The suggested allowed range of annual SSI incidence is less than [15] . The SSI rate without antibiotics is between 5% and 11% in case of liquor shunts, between 1% and 5% in case of craniotomies and spinal surgeries in clean and clean-con- taminated interventions, and between 11% and 38% in case of liquor fistulas [31, 31, 33, 34] . The risk is higher in case of craniotomies compared to spinal procedures [35] , whereas, in clean neurosurgical procedures there had been SSI in 2.24% compared to 20% in case of contaminated [36] . Significant procedural risk factors for SSI are urgent as opposed to elective neurosurgical procedures, clean-contaminated and contaminated surgical interventions, ACA score 3, performing more than one procedure during the surgical intervention, as well as duration of the operative intervention more than 4 hours [37, 38, 39, 40] .
After spinal neurosurgical procedures, important risk factors for occurrence of postoperative SSI are also posterior approach, tumor resection procedures and dural interruption [41] . Prolonged administration of antibiotics post operation is significantly associated with the incidence of postoperative SSI [35] .
Further significant factors contributing to the incidence and increasing the risk of postoperative SSI after neurosurgical interventions are age extremes, diabetes, obesity, alcohol consumption, smoking, peripheral vascular disease, metastasized cancer, preoperative sepsis, administration of corticosteroids, prolonged hospitalization, surgical re-exploration, etc. [37, 21, 42] , and also, in addition to the patient's specifics and the neurosurgical intervention, also important are the specifics related to the institution, operational room, skin preparation, disinfection, the experience of the surgeon, season, and many other [35] .
Careful determination of all potential risk factors of postoperative SSI after neurosurgical procedures and their precise quantification and stratification is of high importance, not only related to the consequences for the patient and the institution (health and financial), but also, for the possibility of inter and intra-institutional comparison (the experience of the surgeon is also an important and measurable indicator), and the possibility of making adequate strategic decisions for undertaking specific preventive measures, especially because the benefit for the patient of such strategic approaches is inversely associated with the basic/primary risk of their occurrence [37] .
Infections of operative wounds are mostly characterized with classical signs of redness (rubor), pain (dolor), swelling (tumor), increased temperature at the site of incision (calor) and systemic febrility [43] . Finally, the operative wound is filled with necrotic tissue, neutrophils, bacteria and fluids with protein content, altogether forming pus.
In addition to the significant scientific achievements related to the best practices and the progress of refining (improvements) of surgical techniques, the technological progress and improvements in the environment of ORs, as well as the application of prophylactic preoperative antibiotics, SSI remain to be second most frequent unwanted incidents in case of hospitalized patients, and the main source of morbidity after surgical procedures [44, 45] . A study conducted by Duke University during 1999 shows that SSI double the risk of fatal outcome in patients, from 3.5% to 7.8%, increase the probability for ICU treatment from 18% to 29%, additional hospitalization of 5 days, double the costs for hospitalization from USD 3.844 to USD 7.531, and increase the probability for readmission (repeated hospitalization) from 7% to 41% [46] .
There are numerous factors on the side of the patient (endogenous) and on the part of the processes/procedures (exogenous) which influence the risk in patient for incidence of postoperative infections. Some of these, for example, age and gender, cannot be changed or improved; however, most of the others, such as the nutritive status, smoking, adequate application of antibiotics or intraoperative techniques may be improved for positive outcomes from the operative intervention [47] .
Primary sources of infection for most SSI are endogenous microorganisms of the patient. All patients without exceptions are colonized with bacteria, fungus and viruses -up to three million microorganisms per square centimeter of skin. Nevertheless, neither all patients, nor all microorganisms are created equal. Patients with history of diabetes, chronic obstructive lung disease, who need long-term treatment with corticosteroids or have other chronic diseases which require multiple hospitalization and/or patients treated with antibiotic therapy, are usually more colonized with bacteria, especially bacteria resistant to antibiotics, such as MRSA. All surgical wounds are contaminated during the surgical intervention, but only a small portion of them become infected (Fry DE, 2003) , this is because defense mechanisms of the host in most of the patients are capable of controlling and eliminating responsible microorganisms in case when the inoculum of the wound is small, bacterial contaminants are not highly virulent, the microenvironment of the operative wound is "healthy" and the defense of the host is intact. There is a possibility for conceptual modelling, i.e. express the risk of SSI related to the patient's specifics with mathematical equation in order to reduce the SSI risk below one, i.e. result in absence of postoperative SSI, whereas, the risk of SSI equals the level of bacterial contamination multiplied by the virulence of microorganisms, altogether divided by the resistance of the patient to the infection. Regardless of the type of intervention, the patient's skin can never be sterile, however, there are many strategic approaches to reduce biological load.
The risk of SSI depends on many patient related factors, including preexistent medical conditions, the amount of the type of resistant bacteria on the skin, perioperative glycose concentrations, fluctuations of body temperature, as well as preoperative, intraoperative and postoperative care. Hence, it is clear that it would be very difficult to predict which operative wound would become infected. Therefore, it is necessary to identify in time the risk factors susceptible to variations, in order to minimize the risks of wound contamination in all cases undergoing surgical interventions, as well as to assist the defensive system in patients by continuous patient care.
Surgical site infections are persistent significant problem regardless of the prophylactic application of systemic antibiotics and improvements in the surgical techniques; however, there is decrease of their incidence [48] .
Surgical wounds often include areas of local hematomas or seroma and tissue ischemia, which cannot be reached by systemically administered antibiotics (49.50)). Such unreachable areas are even more emphasized in patients after trauma, due to the extensive damage of the soft tissues [51] .
Postoperative infections of the central nervous system after neurosurgical procedures, mainly presented as meningitis, epidural abscess, subdural empyema and/or brain abscess, pose a serious threat imposing the need of medical and/ or surgical intervention [52] . There is initial inflammation after the CNC infection in the choroid plexus, whereas, for the occurrence of postoperative infection of the central nervous system, the number of bacterial casers should be around 10 5 per gram of tissue [53] .
A study involving over 6200 performed craniotomies, showed CSF leak and male gender as independent risk factors for the incidence of postoperative CNC. The role of antibiotic prophylaxis in context of the incidence of CNC postoperative infections after performed neurosurgical interventions has been investigated in many studies [52] , which have presented that antibiotic prophylaxis reduces the incidence of postoperative infections of the central nervous system [54[ . In studies involving at least 1000 intracranial neurosurgical procedures, the incidence of postoperative infections of the central nervous system after neurosurgical procedures had been 5%-7% but without antibiotic prophylaxis up to 10% [40, 54, 55, 52] . The study of over 2000 neurosurgical procedures in the USA, which analyzed postoperative infections of the central nervous system presented a significantly lower incidence of such infections, and suggested that almost half of them were associated with implants, but not CSF leak, diabetes or male gender, and suggested that in case of operative infections associated with high risk of infections, the primary care should be prophylaxis against S aureus and P acnes [52] . 
